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" LABORATORY INFECTIONS

1, Y . Joachim Albreoht
The Medical Laboratory), o

Yol 11, No &, Giessen, Moy
1965, pages 185~148.

During their atay snd their work in medioal=biologicul luboin=
toriea people can broomo infected. A laboratory infeotionis the
invasion of the human organism by diseasoc agents worked with for wiage
noatic or reasarch purncsoas, or ocourring in the laboratory for other.
reasons. In the following they will be cslled in short "laboratory
gerus." The consequence of a laboratory infeoiion need not always be
observable disease symptoma. So-called silont infeotiona also may turn
out Lo bs of importancoe, As an oxamplo, fetal damuge following a
clinically not obaorvatle infection with toxoplasma may be quotodj(a).

™ With the advances of scivnoe and tochnology, leboratory sxaumi=
nations are extended to an inoroaming number of disease agenta. Likew
wise, the work mothods to which the germa are subjeoted increaso in
nunber and complexity. Aa a °°“'°““°“3T\ thors will be wore and more
infeotions of persounel. Iu-the Pollowihg, we report on tho cause and
frequency of laboratory infeotivis.and on measirea for the proteotion
of personnel, Other injurios which moy bo exporienced by porsona work-
_ ing in the laborastury (such au surgiocal injuries, hurns, intoxications)
ate not diuouaaod,?;ro. '

ey

Sausos

One of the mourcea of infootion in the laboratory ure artificiully
or naturally infooted laboratory animals., An oxumple is the trammmissicn
of animal fungus diseases of thoe akin to the attendanta. Likowiso, inu-
footions from man to wman muat be conasidervd as laboratory inleotivng if
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the infootion ocourred durirng stuy in the laboratory and the infocting
neraon had hean infactad with ]hhor('_tt_\!'y garma . Mast laharatn N 1N
feotionna ocovur if diseame agents get out of control during laboratory
procedures. Happenings of this kind can be divided into two groupas
u00idonuls and work techniques which are genernlly considered as horm-
less and not suspicious. Table 1 liats tho momt oommen acoident—type
oocurroncea by vhich diaease agenta onn be transmitted to the laborcu-
tory personnel, They are mainly a conacquence of lack of attention

and of caution by the poraonnel. Furthermore, faulty matorial and
other, unpredictable happenings play o part in their develcpment. The
connoction hetween the ocause and the infootion ia moatly = but dofinite-
1y not alwaya - easily recognizable, so that an expert opinion on such
cases con be arrived at with little diffioulty. According to Voedum (29),
betweorn 14 and 35% of iaborato:y infectiona in the U.S.A. could bo re-
leted to recojaizable, accident-type ocourrencos.

Table 1. laboratory Infections by Acoident=type Ocourrences

Source of germ Acoident
(=infeotious materisl). ‘
" Container (s.g. flaska, 1) Dirept tuuchiug of the material,
.:o Patrd dishes, test 2) Burating of container (by hitting and
" tubes, ete.) : the l1iko), poasibly with injury, '
\ 4 8) Spilling of material (by pouring into
S ' x A ;n;t?or veasel, iuooculation, and the
I - o ike
. . B S 4) Broukigo in the centrituge
U BggTowltures T 1) Breskage of infeoted eggs,
: v b . 8) Spilling of infeotious material (e.g.
o o during inoculation)
" . Injeotion myringes . 1; In{ury by needle,
A ‘| 8) 8pilling of infeotious matorial (e.g

in removing air Irom the ayringe, by
coming off of the needle)

Pipetties 1) Sucking in,

8) Spilling of infectious material o
nxporinontul animals 1; Injury by biting or soratohing,
<(infected naturally or R) Touching (of tho animals, the oudavera,
artifiolally) autopsy material, excreta)

The question remaina of the aources of infestion for thoas diu~
eases for vhich a causative coourrence is not oasily found. Some ocnsow
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g0 back to the fact that persons, without netiaing it. huve phezicnl
contact in the laboratory with germ-containing material which was . -
spilled inadvertently and unobaocrvedly, perhaps inm inounlation of .
oultures from one.modia to the other, - Not & -siall part of laboratery =~
infections gan he traoced to work procedures of which first Joheansson : .-
and Perrip (11) und later other ressarchors (4, 14, 17, 19, 80, 81,
84, 8¢, 87) shoved that they pereit the micrcorginisms to escape un-
chaoked into''the surroundings., Liquids soattisr as apray if they arec
auddonly braked, e,g. by hituing an obatacle, whareby the liquid ' ;
particlea forued are the smaller, the quicker the procedure is (2), .. .. !
As oan be soeti from Table 8, it is mainly routine, everyday laboratory
procedurcs vhich, by this mechaniam, may result in o apray or aecrosol
whioh, denondiag on oircumstances, may contonin germs. This woy, not
oaly tho working p'ace itself, but also the other surfaces and tho air
in the laboratory and in the adjoining rooms become infected. Tho pere 4
sonnel ia the mire endangered because theae actions are throughout oon=
asidered as inoowous, ard the socattering of germa oooura unnotioced and
remains uureoogrised. Alaso acoident=type happenings, e.g. the burating
' of o oulture container, often resuly in the development of & gorm aero= -
‘a0l and thereby jan cause an serogenous infeotion of the persunnel, -y

O OOl 8 ol YTl .
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Table 8. Luhorcfyry Infections by Routine Work Frosedures

Prooedures (with in- Caune of dimporsal of diseaye agonta
feotious materiala) (mostly as apray or aerosol)
Contrifuging B 1) Rim of centrifuge tube infectod,

2) Breakage of tube in tho sontrifuge,
8) Opening of the tube aftor centrifuging,
4) Dacanting of centrifuged liquida

Shaking, nixiﬁg, stirring, 1) Working with uncovered véaloln,

homogenising . R) Romoval of ocovers after shaking, eto,
Poatling . ' 1) Work with gorm oultures, infeotious
organ parts, and the like without pro-
toctive device
Pipetting 1) Blawing out tho pipettes, .. )
_ : 2) Quiok movement, hittiang, dripping,
8) Intranasal ianfection of animala
" Handling of smear loops 1) Sproad by rubbing, skimming off,

knooking off,

2) fQuiek movewent through tho air,

8) Touohing of hot loop with infeotioua
matorial,

4) 8ingeing, annoaling
-3 a
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Table 2 (cortinued)

Procedures (with in- Cause of dispersal of disease agents
fectious materials) (mostly as spray or aerosol
Handling infectious 1) Kemoval of superfluous liquid or
syringes air, . ,
2) Pulling out of needle from rukic.
stoppers,

3) Inoculation of experimental aniiuls

Freeze-drying 1) Filter of vacuum pump inade:izic,
2) Opening of vessels with lyoph. cult.

Types of Germs

All kinds of germs are capable of causing infections of ludora~
tory personnel. What diseases occur, depends in the first pluce on the
type and performance of the studies and on the infectiousness of the
germs. Among the notified occupational discases of the laboratory per-
sonnel, tuberculosis, brucellosis, hepatitis, and infectious inicstinal
diseases are the most common ones (9, 21, 24, 29). Diagnostic tests
with the causative agentis of these disecses are performed in many
laboratories. There where experiments with rickettsia, with smallpox.
and virusses of the arbo group, with tularemie bacteria or toxoplasma
are undertaken, discases from these agents are relatively common because
of their high infectiousness. In special laboratories, unusual discases
occur among the personnel, caused e.g. by the monkey~B-virus (15) or
the salivary gland virus of bats (225. The implementing regulation to
the 6th cecree cn occupational diseases mentions, as No, 37, infectious
diseases., In the pertinent memoranduc (6) mony communicable diseases
are listed, which fact mey result in the misunderstanding that only
thesze may be considered ss occupational diseases. However, a large
number of luboratory infections have been described (e.g. histoplus-
mosgis, coccidioidomycosisg, infections with adeno-, echo-, Newcastla
disease virusses) which are not numed in the list. It seems therefore
to be advisuble to dispense in that paper with individual citation of
all those disecse agents which can be transmitted to mar in on exposed
occupation. Instead of that, it would be sufficient to point out the
multiplicity of infectious discases.

Tronsmisszion

In the laboratory, just as in nature, discaze agents r ¢ trun.-
nitted to man by various routes: by means of vehicles, by vectors, .-
contuct, and by air. Of importance in the laboratory are the two l.. .- .
nerncd types oo transmission (x4, 21, 24). Vith accident-type occurse..c.. 4&
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(see Table 1), contamimation tukes place preponderantly by dirccv .-
indirect contact. So far, the aerogenous route of infection, by

which - as Wedum (27) reports -~ approximately 65% of all laboretor "
infections are transmitted, has been paid little attention. Accoreizng
to Sulkin (21), most laboratory infections which cannot be trac?d~:o _
technical mistakes or accidents, can be related to inhaling of 1:‘{ct1-
ous material. The devilopment of infection in the host organicn i.ver
aerogenous transmission depends on many factors; particularly tc ..

r

mentioned are particle size, and type and number of germs (12, 1i..

Waile lerger particles, after inhalation, eare stopped in .o
upper air passufes, particles of less than 5 microns also get i... ke
lower parts of il:e respiratory tract. In the laboratory there o.o¢
germ-containing Sloating particles of both size ranges., Many c...use
agents attach theaselves to the upper air passages and start & «..oese
from here, e.g. diphtheria, whooping cough, measles, influenze, .2
respiratory streptococcus infections. These discases are therelure
mainly transmitted by droplet spray. In order to czuse am inJcuilod, -
other germs must be enabled to settle down in those parts of tiv respir-
atory organs which are not any more protected by ciliated epit.esild.
Therefore, the causative agents of pulmonary tuberculosis, pRilc.. .Y
myccses, ornithosis, and (-fever, are transmissible only in {hi¢ Jorm
of smallest floatling partuicles.

In techrical plants where germ-containing acerosols are cro..ed,
people can inhale also vuch disease agents the mode of inlect.ou of
which under natural cenditions is rarcly o never acrogemous. ...
excmple is brucellosis among workers in food factories. The .vo)lic
are exposed to a brucclla-containing aerosol which is produced o
mechines cutting up the meat. Also in the laborutory, acrogenci.
infections with the bacteria of brucellosis, tularcmie, and glaniors,
with typhus rickettsiae, with the viruses of yellow fever and encepiali-
tis, and cven with the agents of lymphogranuloma have been observed.
Not excluded are disecases after inhalation of hepatitis, choriomeniu-
gitis and poliomyelitis viruses, of typhoid bacteria, of leptospira wia
toxoplusma. This way, urusuul and new types of discases con develop,
the recogniiion and treatmcat of which is mude difficult (2).

A stulies with tuberculosis bacteric and the ngents of tularczia
and O-fever have shown (13, 16. 23, 25), even few of these merms, after
inhalatic.. and deposition in the lower air pussages, are capable of
producing a discase in man and anizel. Therefore, in order that a
laboratory infection should start, a mussive dispersion of geras und
infection of the respiratory wir is by no means necessary.

e aprs *

~ot iulrequenily the opinion is expressed that stay and worll in
Lol ice.-viological laboratories is dangerous only to a szall extent
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(5, 10, 32). The mentioned reason for that is that the sources of
danger ere known and, with correct procedure, the germs cen be kept
under contrel, that the personnel know how to protect themselves, and
that infections could occur only by a coincidence of unfortunate cir-
cunstances. For that re.son, the infection risk of nursing personnel
in infectious wards is said to be considerably higher than thzt of

laboratory personnel.

The basis Zor such essertions is often materizl from ceciu.u.
statistics (5, 10). But then it-is not taken into account thoi ziig-
lute figures do not permit any statements on disease incidence. ..iso
the figure o2 2,248 laboratory infections including 107 fataliiii.o, main-
ly from s V.l.l., vhich Sulkin (21) has reported, does not gi'-v czy

information on ilc infection quota in microbiological laborato.i...
Henze (9) in Berlin and Reid ?18) in Englend have related tac ni_lur of
disease casecs to the number of cmployed, and to the number of li:i.se
ceses in socially comparable occupational groups, respectiveily. Zoth
authors come to the conclusion that in any case within the ex._....d
group of persons the technical laboratory workers were in reluvively
great danger of laboratory infections.

The common underostimation of the frequency of laboraty iy sufoc-
tions is based moinly on the lack of Lkaovledge of the develop.uat of
infectious merosols in the laboratory. Because it is of.wen viis
uader usual work conditions, an uncontrolled escape of disensc .7
cannot alweys be avoided, some disease cases are considered by i
paticnts ws well a3 by the experts as acquired outside of the occuLLLion.,
iIn fact, the infection occurred in the lavoratory; it was only nov oo~
sible to prove the happening which triggered it. At times, we are wluo
¢.:.ling with clinically slight or even not noticeable infections whica
do not, or only for a short time, result in incapacitation for work cnd
vhica therefore do not show up in statigstics.

¢
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Protective ensures

_Protcction of the personnel from luborutory infections includcg
the prevention of contamination as well as social security measurcs for
the discased, : :

scasures for the prevention of infection are not very well i.ked.
They do not show quick end izpressive successes. Instead of thaet, i
sees clearly their disadvaateges in the fomn of increased Cinoncicl
burdens for the peopic in charze of the laboratorics, and of inercas..
cifliculty of work for the persenuel. It is therefore imnortant to cunm
vince ull concerned of the necessity and urgeney of wrotecvive mezourcs,
which can be achieved best by an objeciive study and discussion of ih
dan;ers of infuction. Success or failure of all seanures Jdepend laroiv

on tie wttitude, franlness, end efficiency of ihe leading person. s e

h]
laborstory,
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Individually, the prophylactic measures extsnd ¢o th?.fellaw:az
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oo Le. 10 the building plan and tochnical ouipiient oF the labepas =~ L
“knowledge of transmisaion of infegtious germa should he vaken i:rzo - 0 - |
" sonnideration (17, 19, &8, 30, 81).: - T |

STt < e

: & Likewise, the work methods and procodures are to bo solagted . ;
4a such o way that accidents are raduced to 8 minimum and am unaone . .. '

- Wrollod wacapo of 1aboratory germs ia avoided as far as possiblo (7, 11,
19, 20, 28), Whioh onoas of tho disense agentas prosenti a particular
aaregonoty dunror to tho porsonnel, so that work with them musl Ju pere
formod in iy iicculation chanber, is alowa in Tablo 3,

8, Prevontive and diagnostioc oxunminations ag well as inooula-
_tions of the porsonnel are to be detormined and perforned, thoir kind
and timely arrangementa depending ou the field of work, i

e

‘ 4, The aceident rogulations valid in the Federal Ropublic (8)

: are outdated. They are in need of being aupplemonted und expanded,

; : particularly in view of tho dengor of infoation by aeromola, It iz to f ;
: be recommended to inoorporate tho 84 cperating instruotions for lahora= : I
tory peraonnel vhioh Wedum (28) haa estoblighed in thc'frotcottvo'rogu- S
lationa and to make them known to the peraonnel by diasplay in the rooma

of the laboratery. . ,

‘ 8. In the courses of atudy for scademie and technioal laboratory
peraonnsl, more ahould be taught about kinds and prevention of labora=
tory 1ngoottoun than has heen done a0 far,

Table 8. Preveation of Aerogenoua Laboratory Infections
: (aftor Vedum, a8)

Agent Laboratory work in the
inooulut:gn chamber

Tuberoulosia baoteria

Brucellosis baoteria . = .- :

Glanders baoteria : b

Peoudo=glandors baoteria

Yirua of Ruaaian apriog=aummer
encephalitia

Rift valley virus .

‘ggfuidioldou

Rickettaine (typhus, Qefeven, oto,) v
Oridthowia virua urgeatly to bo recomiwg

unoonditionally BoComARYY '
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Table 3 (continues)

Laboratory work in tic

Agent
inoculation chamber

Viruses of the arbo group
Other enceshalitis viruses
Tularemis bacteria ,

urgently to be recommernied

Accoruiv: to the 6th decree on occupational diseases w.icl is
in force, iunleciious diseases are recognized as occupationel «l..es
if they occur in persons who avc exposed to o considerably inci...ued
danger of infection, as, e.g., those working in laboratories o~ -cien-
tific and medical examinations and experiments (6).. It mey Lo ol.fi=
cult for the expert to delimit whether an infectious disease ¢l .zated
within, or in a natural way outside of, the plant presenting d.:jer.

If he underestimates the occupational risk in the laboratory, .. will

be inclined to assume the probzbility of an extra-occupation.. infee-
.tien if he cannot find an accidental occurrence in the laborivory. Ti..
~such a way of thinking is not correct, is clear from the above ciscus-
sions. On the contrary, in cases of discases which are or canx be caused
by germs oceurring in the laboratory, a caosual relationship beuween
professional work, damaging influence, and disease should cliays be
essumed even if an accident-type occurrence cunnot be ascertaiaed (1).
2. at the same time there is an extra-professional source of i..lcctiion,
tae infection risk must be weighed. With Wedum (28) I am of ke opinion
that every disease of a person exposed in & ieboratory is to be con-
sidered as occupational asg long as the opposite cannot be proved.

s
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